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(54) Meat conductive substrate mounted in PC board hole for transferring heat from IC to heat 
sink 



(57) A heat conductive substrate (50) is mounted 
within a through-opening (60) of a printed circuit board 
(52). An integrated circuit (42) then is mounted to one 
side (64) of the heat conductive substrate, while a heat 
sink (90) is fixed in thermal contact to the other side (66) 
of the substrate. There is no direct thermal contact be- 



tween the IC and the PC board. The substrate is mount- 
ed to an undersurface (70) of the PC board and concen- 
trically spaced from the PC board within the opening 
(60). An air gap (90) occurs between the substrate and 
the PC board within the opening to substantially reduce 
heat conductivity into the PC board. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a Continuation-ln-Part of com- s 
monly assigned U.S. Patent Application S/N 
08/650,407. filed May 20, 1996. 

BACKGROUND OF THE INVENTION 

w 

This invention relates generally to methods and ap- 
paratus 'or dissipating heat from integrated circuit de- 
vices, and more particularly, to printed circuit board heat 
sinks and methods for transferring heat from integrated 
circuit devices to such heat sinks. is 

As integrated circuits ("ICs"), and in particular, mi- 
croprocessors are designed to run at increasing speeds, 
such circuits consume more power and generate more 
heat. Such heat needs to be dissipated to maintain the 
integrated circuit and nearby circuits within rated oper- 20 
ating temperature ranges. Conventionally, this is done 
by coupling the ICs to heat sinks and blowing air using 
cooling fans. In addition, some faster microprocessor 
chips, such as some Pentium™ microprocessor mod- 
els, have increased maximum temperature tolerances 25 
to 95°C. Although such chips can withstand increased 
and relatively high operating temperatures, neighboring 
ICs can not. The neighboring chips are often limited to 
conventional maximum operating temperatures of ap- 
proximately 70°C. With the microprocessor in close 30 
proximity to these less tolerant components, some of the 
microprocessor's heat tends to flow into the printed cir- 
cuit ("PC") board and to such components. Of concern 
is the overheating of the surrounding components. To 
avoid damage to the less tolerant components in the vi- 3S 
cinity of the heat generating microprocessor it is known 
to throttle back the microprocessor's speed when peak 
operating temperatures are sensed. Reducing the 
speed causes the microprocessor to generate less heat, 
it also means, however, that the customer's product is to 
not operating as fast as expected. Accordingly, there is 
an ongoing need for transferring heat away from the mi- 
croprocessor without unduly healing neighboring com- 
ponents and without compromising processor speed. 

A conventional heat transfer method uses copper- 
lined vias in a PC board to transfer heat from the micro- 
processor to a heat sink Copper is a good conductor of 
heat. The microprocessor is mounted to the PC board 
providing a thermal contact between the microproces- 
sor and the copper walls ot the vias. A heat sink typically so 
is mounted to the underside of the PC board. Heat from 
the microprocessor then is conducted along the copper 
walls away from the microprocessor to the heat sink. A 
shortcoming of such approach is that heat conducted 
along the copper wails of the vias travels, not only to the ss 
heat sink, but also into the several copper layers ol 1he 
PC board. The PC board typically includes a plurality of 
copper layers for electrically interconnecting the multi- 



ple IC chips on the PC board. Such copper layers border 
the via at the copper lining. Thus, undesirably effective 
heat transfer paths also occur between the microproc- 
essor and nearby devices. 

Another shortcoming of conventional heat transfer 
solutions relates to the microprocessor surface mount- 
ing process. To enhance thermal conductivity between 
a microprocessor and the PC board vias, the region 
where the microprocessor is to be placed typically is 
covered with solder. During the surface mounting proc- 
ess, the solder becomes liquid. Then, when resolidify- 
ing, the solder defines a heat conductive bridge from mi- 
croprocessor to PC board Unfortunately the solder 
mounds up in areas resulting in a very uneven surface. 
The non-planar solder interface between microproces- 
sor and PC board reduces the thermal transfer effec- 
tiveness of the bridge. Accordingly, there is need for a 
more effective chip mounting technique, and a more ef- 
fective thermal contact. 

SUMMARY OF THE INVENTION 

According to the invention, a heat conductive sub- 
strate is mounted within a through-opening of a printed 
circuit ("PC") board. An integrated circuit then is mount- 
ed to one side of the heat conductive substrate, while a 
heat sink is in thermal contact to the other side. In par- 
ticular the integrated circuit is not mounted into thermal 
contact with the PC board. 

With no direct thermal contact between the IC and the 
PC board one thermal transfer path between the IC and 
neighboring circuits is eliminated. 

According to one aspect of the invention, the sub- 
strate is mounted to one outer layer of the PC board and 
concentrically spaced from other layers of the PC board. 
An air gap thus occurs between the heat conductive 
substrate and most layers of the PC board. This sub- 
stantially reduces heat conductivity into the intermediary 
layers ol the PC board. In a preferred embodiment the 
heat conductive substrate is mounted to an undersur- 
face of the PC board - such undersurface being the clos- 
est PC board layer to the heat sink. In some embodi- 
ments the heat sink is in thermal contact with such un- 
dersurface in the vicinity of the substrate. 

According to another aspect of the invention, an in- 
tegrated circuit is mounted on one side of the substrate. 
In a preferred embodiment an adhesive is used for such 
mounting to provide a smooth co-planar contact. The 
co-planar contact provides a continuous, effective heat 
transfer bridge from IC to substrate. According to anoth- 
er aspect of the invention, a heat sink is in thermal con- 
tact to an underside of the substrate. 

According to another aspect of the invention, an ap- 
paratus lor conducting heat away from a first integrated 
circuit is mounted to a PC board. The PC board has a 
top surface, a bottom surface and an intermediary layer, 
and defines a through opening from the top surface 
through the bottom surface. The first integrated circuit 
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has a first underlying surface area. The apparatus in- 
cludes a heat conductive substrate positioned within the 
through-opening. The substrate has a first surface with 
an area at least as large as the first integrated circuit 
first underlying surface area. The first integrated circuit 
is mounted to the heat conductive substrate first sur- 
face. The substrate is concentricaliy spaced apart from 
the PC board intermediary layer. An air gap occurs be- 
tween the substrate and the intermediary layer within 
the through opening. In a preferred embodiment the 
substrate is formed of copper. To provide a smooth co- 
planar thermal contact between the first integrated cir- 
cuit and the heat conducting substrate, the first integrat- 
ed circuit is adhesively mounted to the heat conductive 
substrate. A heat sink is mounted or otherwise fixed into 
thermal contact with the substrate. In some embodi- 
ments the substrate is an integral part of the heat sink. 

According to another aspect of the invention, a heat 
transfer path between a first integrated circuit and a heat 
sink is formed in a method including the steps of mount- 
ing a heat conductive substrate within a through-open- 
ing of a PC board, and fixing the first integrated circuit 
intothermal contact with the substrate. The first integrat- 
ed circuit is fixed to a first surface area of the substrale 
at an underlying surface of the first integrated circuit. 
The substrate first surface area is at least as large as 
the first integrated circuit first underfying surface area to 
avoid direct thermal contact between the first integrated 
circuit and the PC board. The substrate is maintained in 
thermal contact with the heat sink. 

One advantage of the invention is that heat conduc- 
tivity between a given integrated circuit, such as a high 
speed microprocessor, and neighboring circuits is re- 
duced. Another advantage is that an effective heat 
transfer path is established between a given integrated 
circuit and a heat sink. Another advantage is that an ef- 
fective thermal contact is established between a given 
integrated circuit package and the substrate. Another 
advantage is that an awkward thermal transfer path oc- 
curs between the heat transfer substrate and the PC 
board intermediary layers. These and other aspects and 
advantages of the invention will be better understood by 
reference to Ihe following detailed description taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded cross-sectional view of a PC 
board : integrated circuit and heat sink configured to 
implement a conventional heat transfer method be- 
tween the integrated circuit and heat sink: 
Fig. 2 is a cross-sectional view of the PC board, in- 
tegrated circuit and heat sink of Fig. 1 : 
Fig. 3 is a partial view of an undersurface of the PC 
board of Fig. 1 : 

Fig. 4 is a cross-sectional view of a PC board, inte- 
grated circuit and two-piece heat sink configured to 
implement a heat transfer method between the in- 



tegrated circuit and heat sink according to an em- 
bodiment of the invention; 

Fig. 5 is an exploded partial view of a PC board, 
integrated circuit, heat conductive substrate and 
5 heat sink configured to implement heat transfer ac- 
cording to an embodiment of this invention: and 
Fig, 6 is a cross-sectional view of a PC board, inte- 
grated circuit, heat conductive substrate and heat 
sink of Fig. 5: 

'0 Fig. 7 is a partial cross-sectional view showing an 
alternative heat conductive wafer embodiment 
bonded to a PC board: and 
Fig. 8 is a perspective view of another alternative 
heat conductive wafer embodiment. 

15 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Figs. 1 and 2 show a conventional heat dissipation 
structure 10 for transferring heat away from a high 

20 speed microprocessor integrated circuit 12. The micro- 
processor 12 is mounted to a multi-layer PC board 14, 
typically by thermal mounting tape 1 5, or by another sur- 
face mounting technique. The microprocessor includes 
contacts 16 for enabling electrical interfacing to other 

25 integrated circuits, devices and signal paths. Typically 
apolyamide structure 18 maps contact connections be- 
tween the microprocessor 12 and PC board traces. The 
polyamide structure 18 includes inner leads 20 com- 
pression mounted to the microprocessor contacts 16 

30 and outer leads 22 soldered to the PC board traces. The 
polyamide structure 19 has internal circuit paths which 
are mapped to provide desired path connections be- 
tween a given inner lead 20 (and thus a desired micro- 
processor contact 16) and a given outer lead 22 (and 

35 thus a desired PC board trace) An encapsulant 1 9 typ- 
ically is applied to the microprocessor 12 at a surface 
adjacent to the polyamide structure. 

The PC board includes multiple layers 24 for defin- 
ing PC signal path traces for interconnecting the micro- 
be processor 12 and other integrated circuits mounted to 
the PC board 1 4. The PC board 1 4 includes multiple vias 
26 in the area where the microprocessor is mounted 
(see Fig. 3). T he vias 2 5 are shown at an exaggerated 
diameter for purposes of illustration. A typical vias has 
a diameter ofapproximately 14 mils (0.014 inches). Al- 
though an array 29 of only 4x4 vias 26 are shown, con- 
ventionally there are approximately 1 00 underlying a mi- 
croprocessor undersurface that extends 0.5 inches on 
each side. Trre-vtas have copper lined walls 23 (see 

50 Figs. 1 and 2) which serve as heat transfer conductors. 
A heat sink 30 is held to an undersurface 32 of the PC 
board 1 4 in the region of the vias 26. Typically, mounting 
screws 34 are used to hold the heat sink 30 to the PC 
board 14. Heat is conducted away from the microproc- 

55 essor 12 along the copper walls 23 to the heat sink 30. 
Such copper walls 26 : however, also are in intimate ther- 
mal contact with the PC board layers 24. Conductive sig- 
nal paths formed within the PC board layers 24 also are 
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formed of copper or another effective heat conductor. 
Accordingly, there also are heat transfer paths conduct- 
ing the microprocessor heat toward other integrated cir- 
cuits in the vicinity of the microprocessor. This is unde- 
sirable because these other integrated circuits typically 
are not as tolerant of increased operating temperatures 
'as the microprocessor, and/or do not have heat sinks in 
proximate Ihermal communication. 

Heat Dissipation Structure Embodiments 

Fig. 4 shows a heat dissipation structure 35 for 
transferring heat away from a high speed microproces- 
sor integrated circuit 12 according to one embodiment 
of the invention. A heat sink 30' having two sections 31 . 
33 sandwiches the microprocessor 12 to transfer heal 
away from the microprocessor 12. A lower section 31 is 
in thermal contact with a lower surface of the microproc- 
essor, while an upper section 33 is in thermal contact 
with an upper surface of the microprocessor. The PC 
board 14 for the microprocessor 12 has an opening 36 
into which a portion 37 of a heat sink section 31 extends. 
The heat sink portion 37 fills the opening 35 The micro- 
processor 12 is mounted to the lower heat sink section 
31 via thermal mounting tape. The heat sink upper sec- 
tion 33 includes fegs 38. The upper section 33 is fas- 
tened to the heat sink lower section 31 via mounting 
screws 34 extending through the PC board 14 into the 
legs 38. 

To assemble the structure 35, the microprocessor 
1 2 is mounted to the PC board 1 4 via a polyamide struc- 
ture with leads 22. Next, thermal mounting tape is ap- 
plied and the lower section 31 of the heat sink 30' is in- 
serted into contact with the microprocessor 12 via the 
contact tape. Lastly, the upper section 33 is applied and 
fastened to the lower section 33. 

Figs. 5 and 6 show a heat dissipation configuration 
40 for conducting heat away from an integrated circuit 
("IC") 42 in another embodiment ol this invention. The 
IC 42 is a microprocessor or other heat generating IC. 
Shown is an IC 42 having protruding tape automated 
bonding ("TAB") contacts 44. ICs having other lead con- 
figurations or special package enclosures also are en- 
compassed by the heat dissipation scheme of this in- 
vention. A polyamide structure 1 9 maps contact connec- 
tions between the microprocessor 42 and PC board 
traces. The polyamide structure 13 includes inner leads 
20 compression mounted to the microprocessor con- 
tacts 44 and outer leads 22 soldered to the PC board 
traces. The polyamide structure 16 has internal circuit 
paths which are mapped to provide desired path con- 
nections between a given inner lead 20 (and thus a de- 
sired microprocessor contact 44) and a given outer lead 
22 (and thus a desired PC board trace). An encapsulant 
45 is applied to the microprocessor 1 2 at a surface ad- 
jacent to the polyamide structure 16. 

The IC 42 is mounted at its undersurface 62 to a 
heat conductive substrate 50 via thermal mounting tape 



65. In a preferred embodiment the substrate 50 is made 
of copper or silver. The substrate 50 is mounted to a 
multi-layer printed circuil ("PC*) board 52. The PC board 
includes an upper layer 54. a bottom layer 56 and cne 

5 or more intermediary layers 56. Typically each layer 
54-56 is an electrically insulative layer with various elec- 
trically-conductive signal paths formed therein. The PC 
board 52 defines an opening 60 extending ail the way 
through the board. The substrate 50 is mounted or cth- 

'0 erwise attached to the PC board 52 to extend into the 
opening 60. In a preferred embodiment the substrate 50 
defines a lip portion 52 along its periphery. The lip por- 
tion 62 extends around the perimeter of the substrate 
50. The substrate 50 has an upper surface 64, an under 

'5 surface 66. and a side perimeter 68. To install the sub- 
strate 50 the substrate upper surface 64 is inserted at 
the undersurface 70 of the PC board 52 through the 
opening 60. The substrate upper surface 64 extends to 
be flush with an upper surface 72 of the PC board. As 

20 shown in Fig. 5, solder 74 is located at the PC board 52 
under surface 70 along the periphery of the opening 60. 
The substrate lip 62 is pressed to the solder 74. The 
substrate 50 then is heated to a temperature thai liqui- 
fies the solder 74. The solder 74 then cools while the tip 

25 62 is held to the PC board 52. This permanently affixes 
the substrate 50 within the PC board opening 60. Other 
mounting methods are used in alternative embodi- 
ments. For example an adhesive having low heat con- 
ductivity is used in an alternative embodiment. 

30 in an exemplary embodiment for a 46 mil thick PC 
board 52, the substrate 50 is 60 mils thick. The lip 62 
extends a thickness of 20 mils, while the remainder of 
each sidewall extends another 40 mils. The opening 60 
has a square shape extending 1.27 cm along each 

3S length. The substrate 50"correspondingly has a square 
shape. The portion of (he substrate fitting within the 
opening extends approximately 1.25 cm along each 
length. The portion of the substrate beneath the opening 
60 extends wider at approximately 1.4 cm along each 

40 length. 

According to the preferred embodiment the sub- 
strate 50 is only in direct physical contact with the un- 
dersurface 70 of the PC board 52, As shown in Fig. 3 
there is an air gap 60 between the substrate 50 and Ihe 

4$ walls of the opening 60. In one embodiment the air gap 
extends for 1 0 mils. Thus, the substrate 50 is not in phys- 
ical contact with any layers 54. 58 of the PC board 52 
other than the underlayer 56. 

Fig. 7 shows an alternative embodiment for a heat 

so conductive substrate 50'. Such substrate 50' omits the 
lip portion 62 of substrate SO. The alternative substrate 
50' is held to the PC board 52 via thermal insulating 
bonding material 92 along its sides 65. Thus, the bond- 
ing material 92 is located within the opening 60 filling ail 

55 or a portion of the air gap BO. Such mounting method 
also serves as an alternative and/or an additional 
mounting method for the substrate 50 of Figs. 5 and 6. 
An exemplary material 92 is a poiyurethane elastomer, 
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such as RP 6403-1 resin and hardener (REN:C:0- 
THANE™) from Ciba-Geigy Corporation's Formulated 
Materials Group in East Lansing, Michigan. 

Fig. 3 shows another alternative embodiment lor a 
heat conductive substrate 50". Such substrate 50" in- 
cludes mounting tabs 94 at each corner in place of the 
lip 62 of subslrate 50. The substrate 50" is mounted in 
a similar manner as the substrate 50 or 50' using a sol- 
der mounting method or a adhesive bonding method. 
For the soldering method solder 74 is located at each 
corner of the opening 60 in alignment with the mounting 
tabs 94 The substrate 50" is healed while in contact 
with the solder, liquefying the solder and causing the 
substrate 50" to attach to the PC board at the mounting 
tabs 94. 

According to a preferred embodiment the IC 42 is 
mounted using thermal mounting tape 65 so as to pro- 
vide co-planar intimate thermal contact between the IC 
42 and substrate 50 via the adhesive material. Alterna- 
tively, the IC 42 is mounted to the substrate 50 using 
conventional surface mounting or other techniques. The 
substrate 50 has an upper surface 64 area which is at 
least as targe as the surface area of an undersurface 82 
of the IC 42. Preferably, the substrate upper surface 64 
area is greater than that of the IC undersurface 32. The 
larger area is preferable for maximizing heat conductiv- 
ity away from the IC 42. 

In one embodimeni a heat sink 90 is mounted to the 
substrate 50/50' /SO". The substrate has threaded 
openings for receiving screws 96 which hold the heat 
sink to the substrate. The heat sink 90 extends over a 
larger area than the substrate. In some embodiments 
the heat sink 90 also is held to the undersurface 70 of 
the PC board 52. As a result much of heat conducted 
through the substrate 50 to the undersurface 70 is ab- 
sorbed by Ihe heat sink 90 instead of travelling to other 
ICs in the vicinity of IC 42. In an alternative embodiment, 
the heat sink is mounted to the PC board 52 and held 
in physical contact with the substrate 50. 

Meritorious and Advantageous Effects 

The substrate 50/50750" serves as an effective heat 
transfer path for conducting heat away from the IC 42 
to a heat sink 90. Because the IC 42 is mounted to the 
substrate there is no direct heat conduction from the IC 
42 into Ihe PC board 52. Because the substrate does 
not make physical contact with the sidewalls of the PC 
board opening 60. there is little heat conduction into the 
PC board 52 via the substrate. Because the heat sink 
90 is held in thermal contact with the undersurface 70 
of the PC board, the only part of the PC board receiving 
heat via conduction from the substrate is in thermal con- 
tact with the heat sink 90. By mounting the IC 42 to the 
substrate, one conventional heat transfer path from IC 
to PC board is eliminated. By defining an air gap 80 be- 
tween the substrate 50 and the PC board 52 layers 54, 
58 oiher potential heat transfer paths are avoided. 



One advantage of the invention is that heat conduc- 
tivity between a given integrated circuit, such as a high 
speed microprocessor, and neighboring circuits is re- 
duced. Another advantage is that an effective heat 

5 transfer path is established between a given integrated 
circuit and a heat sink. Another advantage is that an ef- 
fective thermal contact is established between a given 
integrated circuit and the substrate. Another advantage 
is that only an awkward thermal transfer path occurs be- 

>o tween the heat transfer substrate and the PC board. 

Another advantage of the invention is that the sub- 
strate 50/50750" can be mounted directly to the PCB by 
a simple soldering (e.g., substrate 50/50") or bonding 
(substrate 50/50750") process. In comparison to the 

'5 screwed on heat structure of Fig. 4, the soldering and 
bonding processes prevent movement relative to the PC 
board. This protects the inner and outer leads 20, 22 of 
the polyamide structure 18 from undergoing motion 
stress. Additional fasteners to hold the IC in place are 

20 not needed. 

Although a preferred embodiment of the invention 
has been illustrated and described, various alternatives, 
modifications and equivalents may be used. Therefore, 
the foregoing description should not be taken as limiting 

25 the scope of the inventions which are defined by the ap- 
pended claims. 



Claims 

30 

1. A method for lorming a heat transfer path between 
an integrated circuit (42) and a heat sink (90), com- 
prising the steps of; 

mourning a heat conductive substrate 
-35 (50) within a through-opening (60) of a PC board 
(52); 

fixing the integrated circuit into thermal con- 
tact with a first surface area (64) of the substrate, 
the integrated circuit having an underlying surface 

40 area (82), the substrate first surface area being at 
least as large as the integrated circuit underlying 
surface area; and 

mounting a heat sink (90) into thermal 
contact with the substrate without forming direct 

45 thermal contact between the heat sink and the PC 
board. 

2. The method of claim 1 , in which the step of mount- 
ing comprises the steps of: 

so 

inserting the substrate into the PC board 
through-opening, the inserted substrate having 
a second surface area (52) extending along an 
external surface of the PC board adjacent to the 
55 opening, wherein solder (74) is located be- 

tween said substrate second surface area and 
said PC board external surface; and 
heating the substrate to liquify the solder and 
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attach the substrate to the PC board. 



3. The method of claim 1 , in which the step of mount- 
ing comprises the steps of: 

5 

inserting the substrate into the PC board 
through-opening; and 

adhering the substrate to walls defining the 
through -opening. 

10 

4. The method of claim 1 , in which there is an air gap 
(80) between the substrate and a wall of the PC 
board defining the through-opening. 

5. An apparatus for conducting heat away from an in- is 
tegrated circuit (42), the integrated circuit defining 

an underlying surface area (32), the apparatus 
comprising: 

a PC board {52} defining a through -opening 20 
(60) having a first area over a thickness of the 
PC board; 

a heat conductive substrate (50) permanently 
mounted within the through-opening, the heat 
conductive substrate having a first surface (64) 25 
with an area at least as large as the integrated 
circuit underlying surface area; 
wherein the integrated circuit is fixed into ther- 
mal contact with the heat conductive substrate 
first surface at the integrated circuit's underty- 30 
ing surface area. 

6. The apparatus of claim 5, in which the substrate is 
mounted to a first surface (70) of the PC board ad- 
jacent to the through-opening (60) to define a con- 35 
tact area extending outward from the through-open- 
ing for a first length, said first length being less than 

the PC board thickness to minimize thermal com- 
munication between the substrate and the PC 
board. to 



7. The apparatus of claim 5, in which the heat conduc- 
tive substrate (50') first surface (64) has an area 
less than the first area (60), wherein the heat con- 
ductive substrate has a second surface (66) oppo- 45 
site the first surface with an area less than the first 
area, and wherein the substrate is spaced apart 
from the PC board by a thermally insulating adhe- 
sive (92). 

so 

8. The apparatus of claim 5 ; further comprising a heat 
sink (90) removably mounted into thermal contact 
with the substrate without forming direct thermal 
contact between the heat sink and the PC beard. 
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